As head-disk spacings in disk drives approach a few nanometers, adhesive forces between the slider and disk can drastically alter the slider flying dynamics. At these small separations, it is still unclear, however, what type of adhesive force dominates. Most previous studies have concentrated on van der Waals and electrostatic attractive forces [1] , which are readily incorporated into air bearing simulations. In this talk, we provide experimental evidence that the dominant adhesive force originates from menisci forming around the low flying portions of the slider air-bearing-surface as the spacing transitions from near-contact to contact.
REAR PAD DESIGN
To investigate how the rear pad geometry influences contact, sliders were designed with different air bearing geometries in the region around the read-write elements where contact occurs. Three of these geometries-labeled "Tab", "Moat", and "Pad"-are shown on the left side of Fig. 1 . All three are designed to have a similar 30 x 30 µm 2 area closest to the disk surface at the location of the read-write elements.
SPIN-DOWN/SPIN-UP EXPERIMENTS
The sliders used here are designed to have a flying height that varies linearly with speed: 1 nm change of flying height per 1 m/s change of disk speed. This enables the sliders to transition from flying to contact in a controlled manner during spin-down/spin-up experiments. Fig. 2 shows examples the friction and acoustic emission obtained in spin-down/spin-up experiments. For the Pad slider design, the friction is about one third that for the Moat or Tab designs for a given amount of interference. The much smaller friction force for the Pad slider is evidence of a smaller adhesive force acting over the rear pad area compared to the Tab or Moat designs. This was confirmed by using a modified air bearing code to calculate the net force acting normal to the pad surface needed to maintain steadystate sliding [2] .
The higher adhesive force for the Tab and Moat designs is attributed to the areas that these designs have close to the disk surface (level A in Fig. 1 ) in excess of the common 30 x 30 µm 2 area. Due the ~100 µrad pitch angle, these extra areas are still separated by least 3 nm [30 µm x sin(100 µrad)] when contact first occurs at the trailing edge of the rear pad region. At these separations, the van der Waals forces contribution to the adhesive force (F ad2 in Fig. 3 ) is negligible. An electrostatic contribution can also be ruled out as only a few tenths of a volt contact potential exists between these slider and disk surfaces. So, by the process of elimination, the most likely source for the higher adhesive force is the formation of a lubricant meniscus around larger near-contact areas of the Tab and Moat designs.
TOF-SIMS RESULTS
To see where the disk lubricant decorates the sliders due to meniscus formation during contact, the sliders' surfaces were analyzed using TOF-SIMS after the spin-down/spin-up experiments. For the sliders used for Fig. 2 against a disk with regular Ztetraol lubricant, an excessive amount lubricant covers the rear pad area, making it impossible to determine the meniscus locations. To alleviate this problem, further spindown/spin-up experiments were done using a disk with 100% bonded Ztetraol to minimize lubricant transfer to the slider. (The disk was baked for 1 h at 150°C and then rinsed with HFE-7100 solvent.) The right side of Fig. 1 shows the TOF-SIMS images of the rear pad areas of these sliders. These images show that the disk lubricant wets not only the sides of the slider pads in contact with the disk, but also areas of the pads many nanometers away from the disk surface.
For example, the TOF-SIMS for the Moat design image shows a significant amount of lubricant collecting along the trailing edge of the forward pad, consistent with meniscus formation there. Fig. 3 shows schematically how lubricant menisci might form around this geometry. 
WTC2005-63180 CONCLUSIONS
These results provide experimental evidence that lubricant menisci form around the slider rear pad during contact and near-contact, resulting in a significant adhesive force acting on the slider. Some of this apparent adhesive force may come from the loss of air bearing lift due the lubricant meniscus blocking the air flow around the rear pad. These results help support the hypothesis that adhesion hysteresis from lubricant meniscus formation leads to friction induced bounce [3] 
